Introduction
Liver cancer is the fifth most common cancer in the world (Yang et al., 2008) . Cancer stem cells (CSCs) perform the tumor-initiating capability and have the ability to self-renew in most cancers. In short, like normal stem cells, CSCs have the properties of self renewal and multi-differentiation, to reconstitute tumors. It was reported that the CSCs are involved in tumor recurrence and tumor metastasis (Visvader and Lindeman, 2008) . In contrast, it was identified and proved that the following cancers have CSCs, namely breast cancer (Al-Hajj et al., 2003; Ponti et al., 2005) , gastric (Houghton et al., 2004) , leukemia, glioblastoma (Hemmati et al., 2003; Singh et al., 2003; Singh et al., 2004) , prostate (Collins et al., 2005; Richardson et al., 2004) , lung (Kim et al., 2005) and colon cancer (O'Brien et al., 2007; Ricci-Vitiani et al., 2007) . At the same time, it is very difficult to under-stand the characters of CSCs. Interestingly, it was reported that the normal stem cells shows common properties with CSCs (Burkert et al., 2006; Pardal et al., 2003; Reya et al., 2001 ). But it is not well documented regarding the key molecular mechanism in the context of microRNAs.
It was reported that more than 98% of non-coding DNAs (commonly called as 'junk' DNAs) are transcribed and known as non-coding RNAs (ncRNAs), which are divided into two categories namely, short ncRNAs and long ncRNAs (lncRNAs). The role and function of this RNAs remains unclear, and their relevance to disease is not understood. Rather, the short ncRNAs perform following specific functions such as modulation of alternative splicing, chromatin remodeling and RNA metabolism. In contrast, other types of short RNA called microRNAs, which are involved in various signaling and regulatory functions in the cells. It is essential to identify the signaling and regulatory mechanisms that are unique to liver CSCs in order to design liver CSC-specific therapies, which are needed for the current era. The molecular profile of microRNAs is important to target the functional aspects of liver CSCs. The present research focuses on the role of microRNA miR-34a in liver cancer stem cells. 
Materials and Methods

Patients and sample collection
Twenty one patients were included in the study. Liver biopsy was collected from the patients and stored in -80ºC deep for RNA isolation and histology techniques. All biopsy tumor specimens were confirmed to contain >90% tumor cells by experienced pathologists. Liver donors were used as controls.
Immunohistochemistry
Liver tissue samples were collected from the control and liver cancer patients and subjected to immunohistochemistry. Liver tissues samples were formalinfixed and paraffin-embedded using standard protocol. The tissue sections (7 µm) were deparaffinized and hydrated. Antigens were retrieved by tri-sodium citrate treatment (pH 6.0). Endogenous peroxides and nonspecific immune staining were blocked by hydrogen peroxide and normal serum, respectively. The sections were then incubated overnight at 4ºC with monoclonal anti-CD90 antibody. After incubation with primary antibody, tissue sections were washed and incubated with secondary antibodies conjugated with HRP. The washed slides were developed with DAB substrate. The prepared slides were counterstained, mounted with DPX and observed under a microscope.
Flow cytometry analysis
Isolated cells from liver tumor tissues along with control were labeled with the anti-human antibodies PE -CD90, (BD Biosciences Pharmingen, USA) and detected in a FACS Calibur (Becton Dickinson Immunocytometry Systems, USA). Appropriate irrelevant antibodies (isotypes) were used as controls for the flow cytometry experiments.
RNA extraction
Total RNA was extracted from the two categories of samples, namely liver cancer and normal liver tissue samples using TRIzol reagent method (Invitrogen) as per the manufacturer's instruction. Liver cancer samples were homogenized with TRIzol reagent using 1 mL per 50 to 100 mg tissues. RNA concentrations and quality were determined by NanoDrop, and the RNA integrity was assessed by agarose gel electrophoresis. The isolated RNA samples were used for qRT-PCR analysis.
Quantification of miR-34a levels using qRT-PCR
The microRNA, miR-34a level were analyzed using TaqMan MicroRNA assays. Total RNA was isolated from the CD90 + sorted cells followed by recovering of small RNA fractions (<200 nucleotides) using the mirVANA PARIS miRNA isolation kit (Ambion). The integrity of the RNA was checked using NanoDrop at the absorbance of 260 nm. qRT-PCR was performed with the threshold cycle (Ct) as the fractional cycle number at which fluorescence exceeds the fixed threshold of 0.2. Quantitative miR-34a expression were analyzed using dCt (the Ct value normalized to internal 'housekeeping' miRNAs such as miR-24 and miR-103) and ddCt (difference between the dCt of positive population and that of the negative population) values for each of the miRNAs. The percentage of expression was calculated using the formula 2-ddCt. Total RNA with the concentration of 10 ng was used to measure the miR-34a.
Results
Immunohistochemistry analysis
Liver cancer tissue samples along with control were subjected to immunohistochemistry to identify, whether the expression of CD90 + is present in the collected liver cancer tissue samples. CD90 + antibody was used for immunohistochemistry, which was the molecular marker for the liver cancer cells and as well as liver cancer stem cells. Figure 1A shows no expression of CD90 + cells, whereas Figure 1B shows the CD90 + cells. 
Flow cytometry analysis
Sorting of CD90 + cells was essential for further studies, which was achieved by flow cytometry. The CD90 + sorted cells from normal liver tissue sample and liver cancer tissue sample were shown in Figure 2 . It was found that the liver cancer tissue sample has CD90 + sorted cells other than the control. The data correlates with the immunohistochemistry analysis and reveals that the sample obtained from the cancer patients contain liver cancer cells and obviously liver cancer stem cells. In addition, the data of immunohistochemistry was cross checked and validated by the flow cytometry analysis.
qRT-PCR analysis
Expression pattern of miR-34a in CD90 + sorted cells was achieved by qRT-PCR experiments. The data shows the expression profile of the miR-34a in the normal liver tissue samples as well as liver cancer tissue samples. Figure 3 confirms that the miR-34a was expressed highly in CD90 + cells.
Discussion
In this study, CD90 + cells of liver cancer tissue samples show high expression of miR-34a. Though, CD90 + cells are cancer stem cells, interestingly, which have the high expression pattern of miR-34a.
It was reported that CD90 + human prostate cancer cells expressed miR-34a at levels of ~25-70%. In the present study, the CD90 + cells also called as liver CSCs shows expression of miR-34a at the levels of 30-80%. It was reported that the CD45 + and CD90 + cells were used for effective identification of liver CSCs (Yang et al., 2008) , but present study reveals that in future miR-34a expression may be used as marker to identify the liver cancer stem cells.
It is interesting that the expression of miR-34a is high in liver cancer tissue samples, especially in CD90 + cells, when compared with that of normal liver tissue samples.
Conclusion
The liver CSCs shows high expression of miR-34a, which is the important target unique to liver CSCs in order to design liver CSC-specific therapies.
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